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Part I
T E X T

1
I N T R O D U C T I O N
As a species, the European fallow deer (Dama dama dama L.) is notable
for the role played by humans in its reintroduction to Europe from
an Anatolian refugium after the last glaciation (Davis and MacKinnon
2009; Masseti et al. 2006; Sykes et al. 2013; Yannouli and Trantalidou
1999).
A variety of opinions has been expressed as to the timing of the
reintroduction of the species to Britain. Until recently, it was widely
held that the animals were a medieval introduction, brought to this
country by the Normans (Chapman and Chapman 1975; 1980; Lang-
bein and Chapman 2003). However, there is evidence of fallow re-
mains from several Roman sites (Chapman and Chapman 1975; Grant
1981, 47), suggesting that they may have been reintroduced during
this period and this has been confirmed by recent work on remains
from two sites in southern England: Fishbourne Roman Palace, Sus-
sex, and Monkton, Kent (Sykes et al. 2011).
There is also the possibility that some skeletal elements were im-
ported to Britain during the Iron Age, either as haunches of veni-
son (Dobney and Harwood 1999, 382), or perhaps for medicinal uses
(Sykes et al. 2011, 159).
Several questions arise regarding the place of fallow deer in the
British Iron Age and Roman periods, of which the most important
are these:
• We know there was an established, presumably breeding, pop-
ulation in Roman Britain but how widespread was it?
• Was there the possibility of an earlier population during the
Iron Age?
• How much does trade in antler confuse the picture?
To begin to answer these questions, we need to combine archae-
ological evidence and zooarchaeological data and employ modern
bioarchaeological methods, such as stable isotope analysis, to enable
us to understand the origins and diet of these animals.
1.1 aims of this study
To explore the place of early fallow deer in Britain, this study has the
following aims
• to identify British sites from the Iron Age and Roman periods
where Dama remains have been recovered, by means of a re-
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view of the literature and a search of archives of archaeological
material;
• to obtain samples from them, where possible, for stable isotope
analysis, to assess whether they are from imported or indige-
nous animals;
• to establish a framework of analysis of modern Dama antlers,
because our understanding of stable isotope variations within
antlers is poor, and to determine whether the results can shed
light on dietary changes in the animals which produced them.
By combining these approaches and setting the analysis of the ar-
chaeological material within a framework of analysis of modern fal-
low deer antlers, it is hoped to reach a new understanding of the
archaeological specimens.
1.2 objectives of this study
This study has the following objectives
• to obtain stable isotope values for carbon (δ13C) and nitrogen
(δ15N) from sequential samples taken from modern Dama antlers;
• to assess whether these values show any pattern from which
dietary changes can be inferred;
• to obtain samples from archaeological Dama antler specimens
and apply the same analysis;
• to determine whether the modern study can be used to inform
the analytical results from the archaeological samples.
Stable isotope analysis was chosen as it is a well-known technique
for exploring the relationships between an animal’s diet and its envi-
ronment. Nutrients in food consumed by an animal are incorporated
into its developing tissues, along with their particular isotopic com-
positions (Hobson 1999; Kohn 1999). For herbivores such as deer,
these reflect the environment in which dietary plants grow, as well
as the method by which the plants photosynthsised chlorophyll. An
animal’s trophic level, or position in the foodweb, is also reflected in
its isotope values. Some isotopic values are influenced directly from
environmental factors, such as type of bedrock and soil, temperature
and rainfall. Taken together, these environmental influences allow the
results of stable isotope analysis of organic samples such as skeletal
elements found in archaeological contexts to be related to the type of
food consumed by the animal which produced them.
Antlers have a unique property as faunal remains in that they are
annually-regenerated tissue (as discussed in subsection 4.2.3). This is
significant in archaeological contexts in that the finding of antler does
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not indicate the presence, or death, of the animal which produced
it, so may be found without any accompanying bones. Antler as
a raw material was useful for manufacture of tools and ornaments
(Greep 1994), as well as for consumption in medicine (Reitz and Wing
2008, 6), so would have been traded and the characteristic, palmate
shape of the fallow antler and the species’ rarity could have made it
a more desirable, exotic commodity. Traded antlers which originated
outside Britain may have come from animals whose diet included
plants with a different isotopic content to indigenous plants, so stable
isotope analysis may be able to detect these differences in the isotopic
‘signature’ of the antlers.
1.3 structure of this dissertation
• Chapter 2 (page 7) discusses the archaeological sites considered
and introduces the analysis of modern material;
• Chapter 3 (page 17) describes the search of archival material for
archaeological specimens;
• Chapter 4 (page 25) discusses deer and fallow deer in particular,
together with the development and properties of their antlers;
• Chapter 5 (page 33) discusses the analysis of modern antlers, to-
gether with stable isotopes and their applications to bioarchae-
ology;
• Chapter 6 (page 47) considers recent analyses of archaeological
antler specimens, in the context of the study framework of the
modern antlers;
• Chapter 7 (page 51) summarises the results and places the ar-
chaeological finds in context;
• Appendix A (page 55) describes the work of preparing for anal-
ysis the samples taken from the modern antlers;
• Finally, Appendix B (page 61) lists the data for the modern sam-
ples.

2
M E T H O D S A N D M AT E R I A L S
2.1 introduction
Fallow deer remains are rare in prehistoric and Roman north-western
Europe and Britain, as evidenced by the sparseness of finds recorded
in the literature, which is reviewed in Bendrey (2003) and Sykes
(2004), and summarised in Sykes et al. (2006). One problem is that
some specimens may have been misidentified, particularly in earlier
reports, when zooarchaeology had not yet developed as a discipline.
Another is that finds which are fragments of elements may be lack-
ing diagnostic features, such as the palmation characteristic of fallow
antlers and this may make identification to species difficult. For ex-
ample, fallow and red deer antler fragments can be difficult to distin-
guish (Tony Legge, pers. comm.) (but see Lister 1996 and Figure 4).
The sites of this period from which specimens have been recorded
are listed below in Table 1, adapted from Sykes (2004, Table 1) and
Sykes et al. (2006, Figure 2). Sites listed in bold type in Table 1 are
discussed below, with others under ‘Other sites’.
2.2 iron age sites
As the six fragments reported from Wirral Park Farm (The Mound),
Glastonbury (Darvill and Coy 1985), are thought to be intrusive me-
dieval remains (Sykes 2004, 77; Sykes et al. 2006, 949), only two Iron
Age sites need to be considered.
2.2.1 War Ditches, Cambridgeshire
The site known as the War Ditches was a ring ‘fort’ located on a chalk
spur of the Gog Magog Hills near to Cherry Hinton, outside Cam-
bridge. It was related to those at Wandlebury and Arbury Ring and
was excavated in 1961–62 (White 1963b), following earlier work by
Lethbridge (1948). Other fieldwork to the west of the entrance was
conducted between 1949–51 to uncover a series of Romano-British
structures, suggested to be part of a farmstead from the second to
fourth centuries AD (White 1963a). Due to chalk quarrying, the site
had been largely destroyed by the time of White’s 1961–62 excava-
tions and he commented that the only part of the fort interior remain-
ing was protected by a reservoir to the south of the site (White 1963b,
9). From the evidence of a small quantity of pottery sherds, the site
7
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Site Description of specimens Reference
Iron Age
The Mound, Glastonbury,
Somerset
6 fragments (intrusive) Darvill and Coy 1985
War Ditches, Cam-
bridgeshire
2 pieces of worked antler White 1963b
Lydney Park, Gloucester-
shire
shed antler Wheeler and
Wheeler 1932
Roman
Carlisle, Cumbria femur & humerus fragments Stallibrass 1991
Vindolanda, Northumber-
land
no details Hodgson 1976; 1977b
Binchester, Co. Durham metatarsal Petts (pers. comm.)
Catterick Bridge, Yorkshire no details Meddens 1990b
Redlands Farm, Northamp-
tonshire
1 calcaneum Davis 1997
Wroxeter, Shropshire tibia shaft fragment Meddens 2000
Barnsley Park, Gloucester-
shire
6 fragments Noddle 1985
Scole-Dickleburgh, Nor-
folk/Suffolk
almost complete shed antler Baker 1998
St Albans, Hertfordshire shed antler O’Neil 1945
Monkton, Kent 9 fragments incl. 2 antler Bendrey 2003
Canterbury, Kent 1 metatarsal Bendrey (pers. comm.
in Sykes 2004)
Fishbourne Roman Palace,
Sussex
antler fragments Sibun (pers. comm. in
Sykes 2004)
Chichester, Sussex 1 bone (no details) Hamilton-Dyer 2004
Portchester Castle, Hamp-
shire
11 fragments Grant 1975
Cowdery’s Down, Hamp-
shire
radius Maltby 1983
Wraysbury, Hampshire 2 fragments (mixed context) Coy 1989
Hyde Abbey, Winchester humerus (intrusive) Maltby 2010
Southwark, London no details Pipe 2003
Table 1: British Iron Age and Roman sites with fallow deer remains
After Sykes (2004); Sykes et al. (2006), with additions.
Sites from which material was sought in bold.
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was dated to ‘Iron Age A’ (c. 600–100BC, in Wheeler’s modification
of Hawkes’ chronology: Cunliffe 1974, 5).
The report on the faunal remains (Phillipson 1963) is brief and
notes that with only 118 bones from the Iron Age levels and 241 from
first-century Roman levels, no firm conclusions can be drawn regard-
ing species representation. Unfortunately, by modern standards the
report is of limited use, as no details are given of sampling methods
and whether the samples were recovered by sieving, quantification
method, or fragmentation. The included table (Table 2) is all we have
and shows percentage proportions (presumably Number of Identified
Specimens, or NISP: Lyman 2008, 27) of different species. The Iron
Species Iron Age (%) First-century Roman (%)
cattle 13 41
horse 2 5
sheep/goat 80 40
pig — 11
fallow deer 2 —
bird — 2
rodents 3 —
human — 1
Table 2: Faunal remains at War Ditches
From Phillipson (1963)
Age fallow deer remains are described as “a piece of worked antler”,
although two are shown in the table.
Re-excavation of the site was undertaken by Oxford Archaeology
East during 2008 (Oxford Archaeology East 2008) after the discovery
of Iron Age human remains and artefacts. See subsection 3.3.1 (page
18) for details of attempts to locate the Dama remains.
2.2.2 Lydney Park, Gloucestershire
Lydney Park today is a country house in landscaped parkland, lo-
cated on a spur of the Forest of Dean, above the River Severn. The ear-
liest part of the archaeological site in the estate consists of a promon-
tory Iron Age defensive site, later occupied during the Romano-British
period in connection with a local iron-mining industry. Early digging
for antiquities in the 18th century was followed by excavations in 1805
by the owner of the estate, Charles Bathurst, later published by his
son (Bathurst 1879).
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The first excavation of the 20th century was by the Wheelers, who
identified a first Roman phase, from c. 50–350, followed by a second
Roman phase (after 364–7) which included five buildings, most no-
tably the temple dedicated to Nodens, along with a ‘guest house’, to
accommodate pilgrims to the temple (Wheeler and Wheeler 1932, 23–
43). They also noted the apparent strengthening of the pre-Roman
ramparts during the late-Roman or post-Roman periods, though on
stylistic grounds, suggested this was unconnected with the construc-
tion of the temple.
Following its re-excavation in 1980–81, the site was reassessed on
the basis of stratigraphic and numismatic evidence. Casey and Hoff-
man (1999, 100) note that establishing a date for the pre-Roman ram-
parts of the defensive site is difficult. Wheeler’s second phase is re-
dated to the second half of the third century, rather than the mid- to
late fourth, with a shorter overall chronology which agrees more with
other sanctuary sites such as that at Uley (Casey and Hoffman 1999,
107–115).
In keeping with the early date of the report, Watson’s (1932) note
on the faunal remains in the Wheelers’ volume is even briefer than
that in the War Ditches report, noting the recovery of large numbers
of bones from the prehistoric and Roman levels, though without any
attempt at quantification or proportions of representation of species.
Among the prehistoric finds including small Bos longifrons, pig, rabbit
and sheep or goat, specific reference is made to “a shed antler of a
fallow deer”, though without notes as to whether it was complete or
a fragment. Following a short paragraph on finds from Roman levels,
the report concludes with the sentence, “The bones, as a whole, do
not call for further comment”.
For details of attempts to locate the fallow antler, see subsection 3.3.2.
2.3 roman sites
2.3.1 Carlisle, Cumbria
A series of excavations in Carlisle has investigated the city’s Roman
origins. The excavation at Annetwell Street was on the site of the first
timber fort, dating from the early Flavian period between AD 73/74
and AD 105, and the faunal remains are the subject of a report by
Stallibrass (1991). As the site was waterlogged, bones were well pre-
served and approximately 10% of the bulk samples were sieved to
give 4,000 fragments, with a further 9,000 being hand-recovered. Of
these, cattle bones predominated, with fewer sheep and, to a lesser
extent, pig. Finds of wild species were extremely rare, although a
concentration of red deer bones in one context may represent an al-
most complete right front limb (Stallibrass 1991, 57). Two long-bone
fragments were found approximating in size to fallow deer bones: a
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juvenile femur fragment was of similar size to a fallow but when fully
grown may have been larger; and a humerus fragment was interme-
diate in size between fallow and roe.
More red and roe deer bones, predominantly foot and limb bones,
as well as red deer antler fragments were recovered from the exca-
vations of the Roman civilian settlement in the area of The Lanes.
Although some of these may have resulted from consumption of veni-
son, the distribution of metapodials suggested their use in craft work-
ing or as a by-product of skinning; all of the red deer antler fragments
showed signs of working (Stallibrass 1993, 46).
While red and roe deer were clearly present in early Roman Carlisle,
see subsection 3.4.1 for details of enquiries made regarding the tenta-
tive identification of fallow remains.
2.3.2 Vindolanda, Northumberland
Vindolanda was an Agricolan (pre-Hadrianic) Roman fort founded in
the late first century just south of the Stanegate, the major east-west
road which became Rome’s northern frontier in Britain in the twenty-
five years preceding the construction of Hadrian’s Wall, two miles to
the north (Birley 1977, 12). After the new frontier had been built, the
timber fort at Vindolanda was dismantled and the site abandoned
as the garrison moved north to the new fort at Housesteads, on the
Wall (Birley 1977, 86). In the mid-second century, a new northern
frontier, the Antonine Wall, was constructed in what is now south-
ern Scotland. However, its use was short-lived and perhaps as early
as AD 160, Hadrian’s Wall was re-occupied, including Vindolanda,
which was rebuilt in stone and perhaps functioned as a supply base
(Birley 1977; Frere 1974). From the early third century, a large civil-
ian settlement or vicus developed outside the fort (Birley 1977, 17),
which increased the resident population and hence the requirements
for food.
Favourable anaerobic preservation conditions on the site as a whole
due to waterlogging have resulted in many finds of perishable mate-
rials such as leather items, textiles and a remarkable series of wooden
writing tablets which preserve written records from the settlement’s
occupation. These include, as well as letters, lists recording quantities
of food and drink perhaps disbursed for (possibly religious) events or
being ordered for the fort. For example, tablet number 1911 mentions,
in addition to salis (salt), pernam (ham) and porcellum (young pig),
capream (roe deer) and ceruin[am] (venison) (Bowman and Thomas
1994); we can therefore conclude that hunted wild species such as roe
deer contributed to part of the diet at the site.
Several reports on the animal remains from the site have appeared.
Seaward (1993, 108–115) based his on earlier work by Hodgson (1976;
1 http://vindolanda.csad.ox.ac.uk/TVII-191
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1977b), which claimed that bones and antlers of red, roe and fallow
deer have been recovered from Vindolanda, although the identifica-
tion may be insecure (Dobney and Harwood 1999, 382). For details
of enquiries to establish whether any fallow deer remains have been
found at the site, see subsection 3.4.2.
2.3.3 Binchester, County Durham
Binchester’s development as a Roman site parallels that of Vindolanda,
being first constructed as an Agricolan timber fort in around AD 80 to
defend Dere Street, the road from York to Corbridge, as it crossed the
River Wear; the timber fort was later rebuilt in stone during the early
second century to consolidate the northern frontier at Hadrian’s Wall
(Wessex Archaeology 2008). The site is currently being excavated
jointly by Durham and Stanford Universities. Details of enquiries
made regarding fallow remains are given in subsection 3.4.3.
2.3.4 Scole-Dickleburgh, Norfolk/Suffolk
The site of a Roman small town lies mainly beneath the present-day
Norfolk village of Scole, next to the River Waveney and was excavated
in advance of road development in 1993 (Baker 1998).
Two phases of Roman occupation were identified: early-mid Ro-
man (1st–late 3rd centuries AD) and late Roman (4th century AD).
The faunal remains were mainly recovered by hand, though with
some coarse and fine sieving, and were generally well preserved. Cat-
tle remains (by NISP) were the most numerous, followed by caprines
(predominantly sheep), with equid and pig each represented by 5–
10%; MNI calculations suggest that caprines could have been as nu-
merous as cattle (Baker 1998, 5). The site distribution of faunal re-
mains was examined for indications of any ‘ritual’ disposal practices
in pits, wells or ditches, however, Baker notes that the figures may be
influenced by better preservation in such locations. An almost com-
plete cattle skeleton was found in a well (81261), although whether
this was a ritual or votive deposit, or merely that the well was disused
and provided a convenient place of disposal, is unclear (Baker 1998,
8).
Cervid remains included red and roe, as well as fallow deer. Red
deer antlers included both shed and unshed specimens, suggesting
that antlers were collected for working as well as the animals being
hunted. However, the most notable find was an almost complete
fallow deer antler (Figure 1a) from the basal deposit of another well
(38024), where it was accompanied by bones of a buzzard, butchered
cattle and some other domesticates. Associated pottery was dated
to 3rd–4th centuries AD which agrees with a 14C date (AA-26221)
obtained from the antler of 1620±45BP (Baker 1998, 16).
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(a) Full antler (b) Working on posterior palm
Figure 1: Fallow antler from Scole-Dickleburgh
From O’Connor and Sykes (2010)
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See subsection 3.4.4 for a description of attempts to locate this spec-
imen.
2.3.5 Barnsley Park, Gloucestershire
Barnsley Park resembles Lydney Park, a country house parkland es-
tate which contains the site of a Roman villa. Excavation of the site
has identified ten phases, from its founding in the mid-second cen-
tury, to the post-Roman fifth century (Webster 1981; Webster et al.
1985; Webster and Smith 1982). The site comprises an extensive Ro-
man field system with a series of drystone-walled closes surrounding
the villa itself and visible in air photos, which are assumed to have
been used for the intensive penning of animals, perhaps as midden-
yards from which the fields were manured, while the field system
probably represented limited arable usage (Webster et al. 1985, 73–77,
81; Branigan 1988, 44). On the basis of stratigraphic and pottery evi-
dence, Fowler suggests that the assemblage of villa, closes and fields
could be dated to 3rd–4th centuries AD (Webster et al. 1985, 82).
Phase Date Total Cattle Sheep Goat Pig Red Roe Fallow
1 c. 140–275 310 97 176 4 12 — — —
2 c. 275–315 741 200 443 6 51 — 6 —
3 c. 315–340 873 286 470 16 38 4 5 —
4 c. 340–360 1392 367 797 18 139 4 5 —
5–7 c. 360–380 878 281 437 7 79 3 1 1
8 c. 380–400 1229 344 636 12 140 11 7 1
9 c. 400+ 3013 925 1586 32 317 2 2 4
10 5th century 3919 1281 1815 74 460 7 9 —
Table 3: Faunal remains at Barnsley Park, selected species (NISP)
From Webster et al. (1985)
In a detailed report on the faunal remains, Noddle (1985) records
sheep as the most abundant species, both by NISP and MNI (Mini-
mum Number of Individuals: see Lyman 2008, 38–43), followed by
cattle, pig and goat (see Table 3). With a high proportion of sheep /
goat remains throughout, this seems to have been an ‘un-Romanised’
site in all its periods, or “semi-Romanised” as described by King,
which carried on the Iron Age traditions of animal husbandry, with
the adult slaughter patterns for sheep suggesting husbandry for wool
(King 1988, 54, 58–59). A small number of cervid remains included
red, roe and fallow deer; fallow occurring only in the later Roman
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levels. With this small amount of evidence for venison consumption,
Noddle infers that the deer remains are the result of hunting.
My attempts to locate the fallow remains are described in subsec-
tion 3.4.5.
2.3.6 Other sites
The Roman small town of Cataractonium, where Dere Street crossed
the River Swale near present-day Catterick, Yorkshire, was the sub-
ject of several excavations between 1958 and 1997 in advance of road-
works for the A1 and a bypass. Hodgson (1977a) reports that six
fragments of red deer shed antler were found in the Roman levels dur-
ing Hildyard’s 1958 excavations. However, the only evidence which
might indicate presence of fallow deer at the site is a possible red
or fallow deer bone, perhaps antler, recorded from Area 1 of the Bai-
nesse Farm Site 46, south of the town (Meddens 1990a, in Wilson
2002, 419–425) and two red or fallow deer bones recorded from Phase
II of the Catterick Bridge (CEU240) site (Meddens 1990b, in Wilson
2002, 425–431).
Numerous Dama fragments, including antler, mandibles and teeth,
are known from Fishbourne Roman Palace, near Chichester. The
villa, one of the largest in Britain, eventually covered about four
hectares, including gardens (Cunliffe 1971). Both Frere (1974, 306–
307) and Cunliffe (1974, 120) suggest that Fishbourne was the home
of a wealthy individual or member of a royal family and for several
reasons, Cunliffe (1971; 1974) argues that the most likely incumbent
was Cogidubnus, a client king of the Atrebates. From archaeologi-
cal and stable isotope evidence, it has been possible to demonstrate
that a breeding population of fallow deer was present at Fishbourne
(Allen 2011; Madgwick et al. 2013; Sykes et al. 2006) and to obtain two
secure AMS radiocarbon dates of AD 60±40 (Beta-201535) and AD
90±40 (Beta-201534), placing them firmly in the early Roman period
in Britain (Sykes et al. 2006, 951). It seems likely that the deer would
have been kept in a vivarium, a form of early deer park referred to by
Columella, writing in the first century AD. There is a known exam-
ple of a vivarium from the villa of Settefinestre, Grosseto, Italy (Davis
and MacKinnon 2009, 23; King 1988, 52–53; Sykes et al. 2006, 954 and
references therein). At Fishbourne, although no evidence has been
found to support the existence of a vivarium, there would have been
space beyond the formal, terraced gardens to the south of the villa,
leading down towards the estuary (Sykes et al. 2006, Fig. 4). The pres-
ence of such exotic, wild creatures in the private setting of a park,
Sykes et al. argue convincingly (2006, 954–955), would confer on their
owner not only status but connections with power on both a secular
and cosmological scale.
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Three sites in Kent, Monkton, Minster, and the East Kent Access
Road, have also provided Dama elements. The site at Monkton was
a Roman rural settlement excavated in advance of road development
in 1994–95 and among bones from the usual domesticates, as well as
wild species including hare, red deer and whale, nine fallow elements
or fragments were identified using Lister’s criteria (1996), comprising
two antlers, two scapulae, a radius, three metacarpi and a metatarsal
(Bendrey 2003). Radiocarbon dates from eight of these specimens
were obtained, giving dates in the mid-1st to mid-3rd centuries AD
(Sykes et al. 2011, Figure 1), thus placing them later than the dates
from Fishbourne. Minster and the East Kent Access Road have each
yielded three fallow specimens, some of which have been the subject
of stable isotope analysis (Madgwick et al. 2013).
Elsewhere in southern England, Maltby (2010, 220) notes the pres-
ence of a Dama humerus from the latest Roman phase at Hyde Abbey,
Winchester, which may be from post-Roman activity. As the layer
was not well sealed, he suggests this may be a medieval intrusion.
From the literature, he also notes (Maltby 2010, 272) reports of Dama
remains at Chichester (Hamilton-Dyer 2004), Southwark (Pipe 2003)
and Wroxeter (Meddens 2000).
In Chichester, Hamilton-Dyer (2004) cautions that few of the bones
identified could be reliably dated but records a single bone of each
of roe and fallow deer, from separate contexts, though again, Maltby
(2010, 272) suggests the fallow specimen may also be intrusive. How-
ever, in Allen’s opinion (2011, 165), this should now be re-classified
as Roman, since Hamilton-Dyer had originally suggested it could not
be from that period, on the basis that fallow had not yet been re-
introduced. Furthermore, he also notes an almost complete fallow
antler from the Chichester Cattlemarket assemblage which had been
mis-identified as red deer (Allen 2011, 165).
2.4 summary
Most Dama remains have been found in southern Britain. However,
with the Roman advance into southern Scotland in the first and sec-
ond centuries, there was the possibility that fallow remains might
have been recovered in excavation. A search of the archives of the
Proceedings of the Society of Antiquaries of Scotland was suggested
(Alison Sheridan, pers. comm.) but this revealed no papers mention-
ing finds of fallow elements. At present, therefore, the most northerly
confirmed finds are the fallow metapodia known from Binchester
(David Petts, pers. comm.). This suggests that live fallow deer were
introduced in very limited numbers to a few sites in the south of the
country, due to its proximity to continental Europe, and that any fal-
low remains from more northerly sites represent traded body parts.
3
A R C H I V E S
3.1 introduction
As noted by Sykes et al. (2006, 949–950), several of the identifications
of fallow deer remains from British Iron Age and Roman sites are
insecure. However, excavation reports from several sites listed in that
paper and also in Sykes (2004) were followed up, in an attempt to lo-
cate some archaeological specimens of known context to furnish sam-
ples for stable isotope analysis. Dama faunal remains from the sites
of Fishbourne Roman Palace, Sussex (Sykes et al. 2006) and Monkton,
Isle of Thanet, Kent (Bendrey 2003; Sykes et al. 2011) have already
been the subject of isotopic analysis, so were not included among the
sites from which archaeological material was sought.
Hambleton’s survey (1999, 14) of Iron Age animal husbandry notes
that very few of the faunal assemblages from that period which she
analysed include wild species, such as deer, hare and wild boar. Given
the scarcity of fallow compared to other native cervids such as red or
roe deer, any search for early fallow remains will never result in many
finds. However, this chapter gives an account of my work in attempt-
ing to locate fallow remains from most of the sites which mention
them in their excavation reports.
3.2 locating finds in archives
The first major problem faced when trying to determine where faunal
remains from an excavation have been archived, if they were kept at
all, is a lack of consistency in published reports. Excavation reports
do not always state where or whether finds have been deposited, par-
ticularly early reports such as that by Watson (1932) in the Wheelers’
excavation at Lydney Park. Early excavators, if they had any inter-
est in animal bones found on their sites, were unlikely to keep them
for re-analysis by future generations. A contrasting and exemplary
case of modern practice may be found in the second volume on Ro-
man Cataractonium, which not only states that the material and site
archives are held in the Yorkshire Museum but also gives their acces-
sion codes (Wilson 2002, xvii). The date of publication of the report
should also be taken into account when assessing its reliability. For
example, in her review, Hambleton (1999, 14) rejected any report pub-
lished prior to 1950, on the grounds that they would contain insuffi-
cient detail in a suitable format but also noting that some which she
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consulted which were published after that date were also unusable
due to their lack of analysis of the bone assemblages.
When trying to locate finds from a published excavation, a good
starting point is the Historic Environment Records, which are avail-
able for most English counties and urban authorities and can be
conveniently accessed via the Internet gateway website1. Several of
the county HERs provide online searching, such as that for Cam-
bridgeshire but for some, such as Gloucestershire’s, enquiries must
be submitted via electronic mail for the searches to be carried out by
county heritage service staff. By searching for sites of the relevant
period, within an appropriate radius of a known location, relevant
records from a number of databases can be retrieved, although these
may not relate to museum or archive holdings.
As an alternative, it is possible to contact the relevant County Ar-
chaeologist or his or her staff. This proved a useful starting point for
attempting to locate the Scole-Dickleburgh antler and even though
they did not have detailed information, they were able to suggest
other avenues of enquiry, such as the Norfolk Museum, Norwich.
3.3 iron age sites
3.3.1 War Ditches, Cambridgeshire
After reading of the re-excavation of the site by Oxford Archaeology
East during 2008 (Oxford Archaeology East 2008), I contacted Ox-
ford Archaeology East by electronic mail and received a reply from
Chris Faine. He confirmed that no Dama remains had been recovered
from the latest excavations and suggested that to locate the finds from
White’s 1961–62 excavations, I should contact the Cambridge Univer-
sity Museum of Archaeology & Anthropology, which White (1963b,
9) noted was where finds had been deposited by earlier excavators
of the site. While the Museum’s online catalogue does list some War
Ditches pottery, it does not include any antler.
Faine also suggested asking Vida Rajkovaca, zooarchaeologist with
the Cambridge Archaeology Unit. She suggested other avenues of
enquiry, including trying the Museum again in case the antler was in
their collection but not included in the catalogue, as well as asking
Professor Tony Legge, in the Department of Archaeology. As a last
resort, she suggested the finds might be kept at the Cambridgeshire
County Council archives at Landbeach.
Following an enquiry, Imogen Gunn, of the Cambridge University
Museum of Archaeology & Anthropology, checked the museum’s
records but agreed that fallow deer remains from the 1961–62 excava-
tions were not catalogued, but offering listings of their Iron Age and
Roman antler holdings, which consist in the main of pieces of red
1 http://www.heritagegateway.org.uk/Gateway/CHR/
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deer antler, often in the form of horse bits and cheek pieces, tools or
combs.
Tony Legge had been with the Department of Archaeology, Uni-
versity of Cambridge, for long enough that he remembered the War
Ditches site although he did not recall seeing any boxes of them in
their stores but commented that they were not well organised and in
need of an inventory. Within a few days, he e-mailed me to say he
had found an old record for the site’s finds in their catalogue and
put me in touch with department technician Jessica Rippengal to re-
quest a search. It was not possible to make personal visit to the stores,
due to work to remove asbestos from the building’s structure; how-
ever, Jessica offered to search for the finds. In the meantime, Vida
Rajkovaca contacted me to offer to help in the search, as Jessica had
many duties as the department’s technician and safety officer, among
others.
After many e-mail messages to follow up the request, Jessica even-
tually confirmed that she had found a box which should have held
the finds. Unfortunately, the bag which should have contained the
finds was missing from the box. It was likely that the finds were prob-
ably elsewhere in the laboratory but by this time, Tony Legge, who
would probably have known their location, had sadly passed away;
however, Jessica offered to continue looking for them. After several
e-mails from me to follow up, no conclusive reply was received as
to whether the finds had been located, so it has to be presumed that
they have unfortunately been lost or mislaid.
3.3.2 Lydney Park, Gloucestershire
As Lydney Park and Barnsley Park (see subsection 3.4.5, below) are
both in Gloucestershire, I accessed the county’s HER site via the In-
ternet and completed a request for information on both sites. In her
reply, Briege Williams, Gloucestershire County Council Archaeology
service, suggested contacting both the Dean Heritage Centre, in the
Forest of Dean, as well as Lydney Park’s own museum. I e-mailed
Nicola Wynn, the Collections Officer at Dean Heritage Centre to ask
if they held any Lydney Park finds in their collection; however, she
later replied to say they did not.
Lydney Park Estate did not advertise an e-mail address so I tele-
phoned the estate office to enquire about the museum and its col-
lection. The museum is one room in Lydney Park’s house, which is
still lived in by the family which owns the estate. A small-scale col-
lection of finds from the Wheelers’ excavations in 1932 is on display,
and there is no other collection of finds stored elsewhere. I asked if
any animal bones from the excavations were held and was told that
the housekeeper would be asked to check next time she went up to
the house, and that they would call me back if anything suitable was
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found. I heard no more, so again, we must assume that the faunal
remains have either been mislaid or, more likely, given the relatively
early date of excavation, that they were not retained.
3.4 roman sites
3.4.1 Carlisle, Cumbria
To check the ‘insecure classification’ (Sykes et al. 2006, 950) from the
early Roman fort site at Annetwell Street, Carlisle2, I e-mailed Dr Sue
Stallibrass at Liverpool University regarding her report on the site
(Stallibrass 1991). Attaching a copy of relevant pages from the report,
she replied to say that she was unaware of any positive identifications
of fallow remains at the site, or from any Roman sites elsewhere in
northern England. She had found two deer bones which could possi-
bly be assigned to fallow on the grounds of size but one which was
immature was, she felt, more likely to be red deer and the other could
possibly be a large roe deer, which, like fallow, exhibit sexual dimor-
phism. Pieces of worked antler could not be assigned to species, she
thought, and were most likely to be red deer.
3.4.2 Vindolanda, Northumberland
To verify Hodgson’s claims for fallow remains having been recovered
from Vindolanda (Hodgson 1976; 1977b), I contacted Dr Deb Bennett
by e-mail, as she is Hodgson’s successor as the site’s zooarchaeologist.
She confirmed that both red and roe deer remains had been found at
the site but that fallow had not yet been identified and suggested that
Hodgson’s reference to the species was more an indication of the taxa
which might be recovered, in time. Recent seasons have seen the exca-
vation of levels as early as any seen on the site so far, dating to around
AD 90 and she anticipated that the earliest levels may produce some
evidence of fallow, speculating that they may have been held at the
site for hunting and feasting during a possible visit by Hadrian dur-
ing an early phase of Wall construction. This seems unlikely, given
the frontier nature of the area and the difficulty of transporting live
animals from what we know of a breeding population in the far south
of the country. However, for our purposes, it is useful to have confir-
mation that no identified fallow remains have yet been discovered at
the site.
2 Note that the site numbers in the maps and key in Sykes et al. 2006, Fig. 2 for Carlisle
and Vindolanda have been transposed.
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3.4.3 Binchester, County Durham
After hearing from the Dama Project’s post-doctoral researcher, Karis
Baker, that some possible fallow deer antlers had been found dur-
ing excavation at Binchester, I e-mailed excavation director Dr David
Petts of Durham University to ask whether it would be possible to
take samples, should the antlers prove to be fallow. He agreed to this
but when Karis Baker visited the site to collect a positively-identified
fallow metapodial bone, the potential fallow antlers had instead been
identified as red deer. While it is encouraging that there has been a
positive identification of fallow remains so far north, it is disappoint-
ing that they did not include antler.
3.4.4 Scole-Dickleburgh, Norfolk/Suffolk
This site produced a particularly notable specimen, an almost com-
plete shed fallow antler found in a well (Figure 1), which, with a
secure context and 14C date, would represent the “crown jewels” if
it could be located for isotopic sampling. An enquiry to Norfolk’s
heritage enquiries e-mail address resulted in a reply from David Gur-
ney, Heritage Environment Manager (County Archaeologist) to say
that any material from the site would be in the site archive, deposited
with the Norfolk Museums and Archaeology Service, and copying his
reply to Tim Pestell at Norfolk Museum. In turn, Pestell forwarded
my enquiry to Alan West, the museum’s archivist, who would be
able to find the specimen. Unfortunately, although West was able to
find faunal remains in the archive belonging to Norfolk Archaeolog-
ical Unit, he was unable to locate the antler, despite the contextual
information from Baker’s report (1998) which I had forwarded on his
request.
To obtain more information, I turned to Polydora Baker, the re-
port’s author, at English Heritage. She had already mentioned that
she thought the antler had been lost after being sent to Oxford for
radiocarbon dating but found records of when she had returned it in
October 1995 to Trevor Ashwin, who had directed the excavation for
Norfolk Archaeological Unit, as well as a letter from him to say he
had discussed with Scottish Universities Research and Reactor Cen-
tre (SURRC) the commercial cost of dating the antler and that results
could be supplied within three or four months. However, there was
no information of what had then happened to the specimen. Ashwin
had left NAU, so I tried contacting another member of staff but unfor-
tunately did not receive a reply. In the hope that there may have been
records at the Scottish Universities Environmental Research Centre
(SUERC), as it is now, of its date of despatch and where it was sent,
I e-mailed an enquiry to Prof. Gordon Cook, director of radiocarbon
dating at SUERC. Cook’s first request was for the laboratory number
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for the radiocarbon date and when I had forwarded it to him, he ex-
plained that the lab code ‘AA’ in the number, AA-26221, belonged to
the University of Arizona and that during the 1990’s and early 2000’s,
SURRC had sent some of their material to Arizona for dating. Unfor-
tunately, they had no records of when the antler had been despatched,
nor of its return, so at that point, the trail had run cold.
We cannot know why the complete specimen was sent to SURRC
and thence to Arizona, nor why it seems never to have been returned;
the excavator may have been unsure of the size of sample to supply,
or may not have had suitable tools to cut one. However, the loss of
the antler has deprived us of an important and significant find which
could have supplied useful isotopic data.
3.4.5 Barnsley Park, Gloucestershire
Following my enquiry to Gloucestershire Archaeology Service (see
subsection 3.3.2), I was told that the county HER recorded that metal
finds from Barnsley Park had been deposited with the Ashmolean
Museum, Oxford, while faunal remains were with the Corinium Mu-
seum, Cirencester, which is close to the site itself.
(a) Cotswolds Museums Service store (b) Barnsley Park equid specimens
(c) Barnsley Park pig specimens (d) Cattle vertebrae showing butchery
Figure 2: Barnsley Park faunal remains
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E-mail enquiries to both museums resulted in one reply from the
Ashmolean confirming that the faunal remains were deposited with
the Corinium Museum and another from Georgina Hiscock of the
Cotswolds Museum Service confirming that they had the bulk finds
from the site, although she doubted whether they included any antler
and asking for site context information. In reply, I forwarded the
relevant pages from the faunal remains report (Noddle 1985) for her
to check in the offsite store at Northleach.
After some finds boxes had been located, I made arrangements to
visit the store to look through them. Located next to a museum in
the old county gaol, the store building is modern and there I was
met by Alison Brookes, who showed me the boxes and provided a
table between the racks where I could inspect their contents (Fig-
ure 2). The faunal remains from Barnsley Park were contained in
only four boxes, represented by equid, cattle and pig bones but no
fallow bones or antlers were present. Some of the cattle vertebrae
showed evidence of butchery, being chopped with a cleaver in the
Roman style (Maltby 2007; Seetah 2006). Since the report mentions
that 12,500 bones were identified (Noddle 1985, 83), it is obvious that
the stores contain only a partial archive, although it is not clear why
these in particular should have been retained, as these species were
not unusual at the site (see Table 3). Because of this, we must assume
that the fallow remains have been lost or discarded.
3.5 summary
The value of archives in preserving faunal remains is that newer sci-
entific techniques such as isotopic analysis may offer the opportunity
to recover new information from them, to supplement or extend our
knowledge about the animals, their diet, husbandry practices, or en-
vironmental conditions. Unfortunately, as we have seen, the lack of
consistency in recording where faunal material is archived, as well
as what is kept, to some extent hampers their use as an information
resource: this appears to be changing, as more modern reports have
shown. In addition, some form of online cataloguing of archive hold-
ings is useful, to allow researchers to discover what material is avail-
able. Of course, local authorities have problems in finding, funding or
justifying space to store large quantities of material — the Cotswolds
store at Northleach contains a large number of boxes of faunal re-
mains from the Iron Age/Romano-British site at Fairford Claydon
Pike, for example — and not everything can be kept but when this is
possible, the archived material forms a useful resource for the future,
to help provide answers to questions which have not yet been asked.

4
D E E R A N D A N T L E R S
The antlers of deer are so improbable that if they had not
evolved in the first place they would never have been con-
ceived even in the wildest fantasies of the most imagina-
tive biologists.
Goss (1983, 1)
4.1 evolution
The evolution of the sub-family Cervinae, or Old World deer, within
the family Cervidae, or true deer, is traced by Di Stefano and Petronio
(2002) based on morphology of body and antlers, and by Pitra et al.
(2004), based on analysis of mitochondrial DNA. As expected, the lat-
ter paper finds a close connection between the two modern species
of Dama, the European fallow deer (D. dama) and the Persian fallow
deer (D. mesopotamicus), which are estimated to diverge from Cervus,
which includes red deer (Cervus elaphus), approximately 5.5mya. Re-
garding terminology for species names, the European fallow deer is
variously named Dama dama or Dama dama dama, with the Persian ei-
ther D. mesopotamicus or D. dama mesopotamica, depending on whether
they are seen as distinct species, or as sub-species of D. dama.
Reviewing extant deer species in Pleistocene Europe, Lister (1986)
notes that Dama were present during each of the Middle and Up-
per Pleistocene interglacials (Cromerian, Hoxnian and Ipswichian)
but during none of the cold periods, while only rarely found dur-
ing colder periods further south, in France; he concludes that their
range during these times was restricted to warmer, Mediterranean
southern Europe.
Also during the Pleistocene, in the Eemian or intra-Saalian inter-
glacial, Dama similar in appearance to modern animals were present
in Europe. A large assemblage of 80 skeletons and partial skeletons
of fossil D. dama geiselana remains was discovered at Neumark-Nord
in Sachsen-Anhalt, Germany: these were similar to the Hoxnian D.
dama clactoniana but larger than present-day Dama , with a 15% larger
body and antlers with 75% palmation, much longer brow tines and a
greater spread reminiscent of the extinct Megaloceros giganteus (Pfeifer
1995) (see Figure 3). Pfeifer agrees with Lister in describing Dama as
essentially a fauna of a warm climate, in which it reaches its greatest
natural dispersal (Pfeifer 1995, 74).
Antler morphology seems to have evolved in response to use. The
functional development of features such as the trez tine in the prim-
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(a) D. dama dama, D. dama clactoniana
(b) D. dama geiselana, D. dama mesopotamica
Figure 3: Comparison of Dama antler morphologies
from Pfeifer (1995, 78)
itive fallow deer Dama eurygonos, known from the Upper Valdarno
basin (Val d’Arno, Tuscany), in order to lock an opponent’s antler
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during rutting to prevent injury, is discussed by Croitor (2006, 105),
who notes that the loss of the trez tine in its descendant, D. vallon-
netensis, was presumably as a result of a change in rutting behaviour,
with the antlers now used mainly for social display, rather than com-
bat.
As the members of the Cervinae family are morphologically similar,
Lister (1996) gives a number of indications of the differences between
Dama and Cervus which allow them to be distinguished. This includes
their antlers (Figure 4), of which the most notable differences are the
distal palmation and lack of a bez tine in Dama, and the ‘pearling’ at
the proximal end and the distal crown in Cervus.
Figure 4: Comparison of Dama and Cervus antler morphologies
from Lister (1996, Fig. 1)
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4.2 antlers
Antlers are grown only by male deer (with the exception of reindeer,
Rangifer tarandus, in which they are developed by both sexes) and
can be distinguished from horns in other animals such as bovines
or caprines, in that horns are keratinized tissue which grows over
a bony core, whereas antlers comprise skin, nerves, blood vessels,
fibrous tissue, cartilage and bone (Price et al. 2005, 604). They are
remarkable in many respects: in their rate of growth, in their ability
to regenerate and for their role in the social life of deer (Kierdorf et al.
2009, 535).
4.2.1 Purpose
The purpose of antlers is usually understood to be both as a visual
expression of social rank within a bachelor group of stags, as well for
use as both shield and weapon in combat between males during the
rut, to win and retain the right to mate with a harem of females (Chen
et al. 2009, 694). However, Stonehouse (1968) has also suggested they
may play a role in regulating temperature by loss of heat from the
antler’s skin covering of velvet, with its rich supply of blood vessels,
during antler development in the spring and summer before the au-
tumn rutting season.
4.2.2 Development and growth
Antlers represent one of the fastest-growing mammalian tissues, de-
veloping as much as 14kg in a 6 month period, with a peak growth
rate of 2–4 cm per day (Chen et al. 2009, 693), although Price et al.
(2005, 603) state that the antlers of a 200kg adult red deer stag can
weigh up to 30kg and develop in three months. The size and mass
of a stag’s antlers depend on a number of factors, including its age,
its condition, the population density of deer in the environment, and
how early in the year antler growth begins, and may be related to the
stag’s success in finding a mate (Clements et al. 2010, 358).
Antlerogenesis, or the start of antler growth, is triggered by ris-
ing levels of testosterone in the blood (Price and Allen 2004, 810)
although experiments by Goss (1976; 1980; 1984) have demonstrated
that hours of daylight, or photoperiodic control, are an additional
factor influencing the phenology, or seasonal timing, of the start of
antler development.
While antlers are similar to limb bones in microstructure and chem-
ical composition, there are differences in both form and function. For
example, long bones contain marrow which generates cells and min-
erals essential for the body, in contrast to the growth of antlers, which
draws heavily on bodily reserves to sustain their rapid development:
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a red deer stag’s antlers are estimated to require ∼100 g per day of
bone material, which is obtained by remodelling of long bones and
ribs (Chen et al. 2009, 694). The rapid development of antlers is
thought to be made possible due to the early formation of a struc-
ture of hollow tubes among collagen fibrils, making a structure for
directed bone growth by providing routes and an alignment for the
introduction of osteons, a cylindrical formation of mineralised bone
around a blood vessel (Krauss et al. 2011; O’Connor 2012, 6). Each
main beam and tine has a growth-zone ‘cap’ at its distal end forming
new material, thus the oldest part of an antler is at its proximal end,
next to the pedicle, with the youngest cells at the distal end (Krauss
et al. 2011, 458).
Due to their rapid growth, it has been suggested that antlers may
advertise a fallow stag’s recent quality of health and condition by
means of fluctuating asymmetry (Malyon and Healy 1994, 248), which
may influence their ability to establish dominance in a herd and there-
fore their breeding success. However, a study by Pélabon and Joly
(2000) found that, while there was a correlation of directional asym-
metry with age, with the right antler developing more points, no
correlation could be found between asymmetry and herd dominance.
Casting of the antlers in the spring is triggered by falling levels of
testosterone in the blood, which initiates osteoclastic bone resorption
at the pedicle (Price and Allen 2004, 810).
4.2.3 Regeneration
The significance of antlers is in their ability to be regenerated annually.
All other mammals have lost the capability to regenerate an organ, al-
though it is known in other phyla and classes in the animal kingdom,
including hydra, planaria and some amphibians such as the family
Urodela, which includes salamanders (Price et al. 2005, 603), although
antlerogenesis in deer takes place via a different mechanism based on
stem cells (Kierdorf et al. 2007). For this reason, the study of antlers
has an important role in our understanding of regenerative biology,
principally for applications in human medicine (Price et al. 2005, 604);
4.2.4 Material properties
As a material, antler is very resilient to impact and, despite vigorous
use in combat between males during the rut, is very rarely broken
(Chen et al. 2009, 694). This resilience, which is about six times greater
than bone (Krauss et al. 2011, 457), is thought to be due to the contin-
ued blood supply inside the antler. After the shedding of the velvet
with its ample blood supply, the exposed, ‘polished’ antlers had pre-
viously been thought to be dead bone (see, for example, Goss 1961,
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343; Goss 1995, 292), despite the evidence from other species that an
animal would normally be expected to shed or lose dead tissue.
However, histological studies of fallow deer antlers by Rolf and En-
derle (1999) showed that the internal blood supply is greater than pre-
viously thought and continues until just before the antlers are shed,
even though the coronet and pedicle area at the proximal end will
have mineralised by this time. Rolf and Enderle’s (1999, 75) finding
of living osteoblasts and active osteocytes — the cells responsible for
creation, modelling and resorption of bone minerals (O’Connor 2012,
6) — show that bone remodelling continues in fallow deer antlers
even after the velvet has been shed.
4.3 human-mediated translocation of fallow deer
Although Dama is now a widespread genus, much of its present dis-
tribution is due to human influence (Chapman and Chapman 1975;
1980).
In post-glacial Europe, the earliest diffusion of fallow deer was
within the Mediterranean. The analysis of mitochondrial DNA of
Rhodian and Anatolian Dama shows a surprising divergence between
the two populations, suggesting that they became separated in an-
tiquity, supporting the archaeological evidence for a Neolithic intro-
duction of the species to Rhodes (Masseti et al. 2008), even though
the island is not far, geographically, from the species’ presumed last
glacial maximum refugium in Düzlerçami, Anatolia (the location of
the present-day Termessos National Park).
Vigne (1999, 312–313) has suggested that Dama were introduced to
the large Mediterranean islands such as Cyprus as part of a package
of introduced fauna, alongside traditional domesticates, as a species
to be ‘symbolically’ hunted. These have been identified as D. dama
mesopotamica by Davis (1984) and hence are thought to have been in-
troduced from the Levant (Hubbard 1995, 534–535), despite the prox-
imity of Anatolia (which would have supplied D. dama dama).
Early Dama have been found in Greece (Yannouli and Trantali-
dou 1999), particularly from the middle Neolithic and later periods,
although Yannouli and Trantalidou dispute the claim by Hubbard
(1995, 534) for positive identification of fallow remains from Franchthi
Cave in the Pelopponese.
By the Roman period, fallow are known from Portugal (Davis and
MacKinnon 2009), though do not seem to be widespread elsewhere in
Europe; an isolated metapodial from the Netherlands showed signs
of craft working, while more metapodia from France and Switzerland
may indicate trade in body parts (Sykes et al. 2006, 950).
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In a review by Grant (1981) of representation of deer in faunal re-
mains from occupation sites from the Iron Age to the Saxon period,
she noted that deer remains are rare or absent at the majority of sites,
attributing this to problems of recording and the lack of quantifica-
tion, particularly in early reports; we have seen this in the faunal re-
mains reports for Lydney Park (Watson 1932) and, to some extent, for
War Ditches (Phillipson 1963). In addition, the distinction between
bone and antler was often not made. Grant comments that deer may
not be present as faunal remains either because they were not hunted
or were not living in the area of a site and suggests that the introduc-
tion of domesticated species reduced the need for hunting practices
to continue from the Mesolithic into later periods in order to supple-
ment the diet. However, in more marginal environments, such as the
Iron Age/Romano-British broch of Dun Mor, at Vaul on Tiree, deer
remains comprised over 20% of the total recovered. This, Grant sug-
gests, shows that comparatively larger numbers of remains of deer or
other wild species indicate an environment where agriculture and the
keeping of domesticated livestock was problematic. As an example,
she notes that the increase in proportions of deer remains at some Ro-
man sites, such as the Chalk and Latimer villa sites and the Clausen-
tum town site, coincided with periods of abandonment and/or squat-
ter activity and was potentially related to a decline in trade between
villas and their markets in nearby urban centres and hence a need
to supplement the diet by hunting. For example, at Chalk, as a pro-
portion of total bones found, red deer remains increased from 5.4%
(NISP) in the late third century AD to 13.2% during the fourth cen-
tury, which exceeded the proportion of pig bones, following the site’s
final destruction in around AD 300 (Johnston et al. 1972, 142).
In comments by Dobney and Harwood (1999, 382), they reason
that the lack of substantial evidence from British sites in the Roman
period suggests that fallow were unimportant, both socially and eco-
nomically, when contrasted with frequent finds of other deer species,
such as red deer, from high-status Roman sites. In my opinion, the
reverse position could be argued: given the small number of finds,
the species could have instead been considered valuable due to its
exoticism and scarcity: the exclusive property of very few, élite indi-
viduals, such as Cogidubnus at Fishbourne Palace.

5
M O D E R N A N T L E R S A N D I S O T O P E S
5.1 introduction
To provide a reference framework to assist the understanding of the
relationship between stable isotopes and antlers, I analysed mod-
ern Dama antlers to determine whether sequential sampling along
their length could provide high-resolution temporal data indicative
of short-term changes in diet. The title of the paper by Kohn (1999),
“You are what you eat”, summarises the basic principle that dietary
content, including its isotopic components, is incorporated into an
animal’s tissues. The importance of stable isotopes in bioarchaeology
is that they allow us to trace the flow of bio-molecules in the envi-
ronment and thus estimate the contribution of different plants and
minerals to an animal’s diet. If those plants and minerals are charac-
teristic of particular environments, this offers some clues to the envi-
ronments from which an animal, or its remains, received its dietary
input.
In order to understand the contribution which isotope studies can
make to our knowledge of palaeodiets, we need to consider the mech-
anisms by which elements such as carbon and nitrogen are taken up
from the environment by plants, which are then consumed by herbi-
vores such as deer. Before discussing the samples and their analysis,
therefore, we first consider how the isotopic content in an animal’s
diet is reflected in its tissues.
5.2 isotopes
A number of texts give introductory descriptions of isotopes, includ-
ing Hoefs (1980), Brown and Brown (2011) and Pollard and Heron
(2008).
5.3 measurement of isotopic ratios by mass spectrome-
try
From the amount of an isotope measured in a sample, compared with
a reference standard material, a delta value is calculated representing
the difference between the sample and the standard. For both a sam-
ple and the corresponding standard, the ratio of the heavier isotope
to the most abundant isotope of an element is calculated and their
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difference is divided by the ratio for the standard, multiplied by 1000.
For example, for carbon-13,
δ13C =

(
13C
12C
)
sample
−
(
13C
12C
)
standard(
13C
12C
)
standard
× 103 ‰ (1)
This can be simplified to
δ13C =

(
13C
12C
)
sample(
13C
12C
)
standard
− 1
× 103 ‰ (2)
This value is represented by a delta (δ) prefixing the mass number
and symbol for the element, to indicate a difference from the stan-
dard, and is in parts per thousand, per mille, or ‘per mil’ (‰) (Van
Der Merwe 1982, 596).
5.4 isotope reference standards
Isotope reference standards are generally available materials which
are accepted internationally as the ‘zero point’ for a particular isotope,
against which other materials and samples are compared.
For carbon, the standard was taken from CO2 obtained by dis-
solving the rostrum of a Cretaceous belemnite (Belemnitella americana)
from the Pee Dee Formation in South Carolina (Pee Dee Belemnite,
or PDB) in 100% phosphoric acid (Hoefs 1980, 19; Gonfiantini et al.
1995, 15). The source of this ‘near-mythical fossil’ (Van Der Merwe
1982, 596) has now been exhausted and the present, equivalent stan-
dard reference material is the IAEA’s Vienna PDB standard (VPDB).
The original belemnite had an unusually high 13C/12C ratio, which
means that in comparison, bioarchaeological samples, which have a
lower 13C/12C ratio, have negative δ13C values.
The standard for nitrogen is atmospheric air and bioarchaeological
samples produce positive δ15N values in comparison (Hoefs 1980,
19).
Some laboratories use other standard materials whose delta val-
ues are known from calibration against the appropriate international
standards.
5.5 fractionation
Molecules containing atoms of different isotopes have slightly differ-
ent physico-chemical properties (Hoefs 1980, 6) and because of this,
they behave differently in chemical reactions or in physical interac-
tions in the environment. Fractionation is the partial separation of an
amount of an isotope between a source and a receiver, such as a plant
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or an animal. For example, the 13C/12C ratio is much greater in at-
mospheric CO2 than in plant tissue, due to discrimination against the
heavier isotope during the process of photosynthesis (Farquhar et al.
1989, 504).
Two forms of fractionation effect can be distinguished: equilibrium
and kinetic. Equilibrium effects are small and concentrate the heavier
isotope in molecules with greater bond strengths, such as the transfer
of 13C from atmospheric CO2 to marine bicarbonates. Kinetic effects
such as diffusion are influenced by the masses of the isotopes, as
more energy is required to move the heavier isotope (Peterson and
Fry 1987, 296).
5.6 carbon
5.6.1 Carbon in plants and animals
A number of factors influence how the isotope values in dietary com-
ponents are reflected in tissues of animals which consume them. In or-
der to control for some of these, DeNiro and Epstein (1978) conducted
experiments in which different species were fed diets of known iso-
topic content under laboratory conditions, to eliminate natural vari-
ation in plant 13C due to seasonal changes, and also to remove any
choice by the animals in selecting dietary components . After analysis,
they found that with respect to diet, the animal tissues were enriched
in 13C by an average of +0.8±1.1‰. δ13C of different individual ani-
mals consuming the same diet was found to differ, while two species
consuming the same diet have similar enrichment values, as does one
species fed two different diets. It was also found that different tissues
of the same animal, when analysed, showed different levels of 13C
enrichment or depletion with respect to the diet.
Variations of the 13C/12C ratios in plants are reviewed by Heaton
(1999), who notes that in temperate regions, differences of only a
few per mil are significant and that this makes it difficult to estimate
isotopic contributions to diet unless changes to average plant isotope
values over a territory and over time can be understood. Some plant
variations are due to their environment, including availability of light
and nutrients such as water: this explains the ‘canopy effect’, in which
plants growing in a shaded forest may have δ13C several per mil
lower than the tree canopy above, due to the reduced amount of light
available.
5.6.2 Photosynthetic pathways: C3, C4 and CAM plants
A primary influence on the isotopic content of plants is their metabolism.
Differences in the 13C isotope values in various plants had been recog-
nised for some time before Bender (1968) explained that the largest
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difference is due to the type of photosynthetic pathway used by the
plant. These different methods by which plants absorb carbon from
atmospheric carbon dioxide and photosynthesise carbonates in the
presence of light are termed the C3, C4 and CAM pathways (Hatch
and Slack 1970) and each of these pathways discriminate in differ-
ent ways against 13C (Farquhar et al. 1989; O’Leary 1981; Smith and
Epstein 1971).
5.6.2.1 C3 pathway
This was the first photosynthetic pathway to be described, in a pa-
per by Calvin and Benson (1948), so is sometimes called the Calvin-
Benson cycle and is the most common method of photosynthesis in
plants of temperate regions. The term C3 refers to the production
via photosynthesis of a phospho-glycerate compound with three car-
bon atoms (Van Der Merwe 1982, 597). Terrestrial C3 plants have an
average δ13C value of -27.8‰, which is about 20‰ more negative,
due to fractionation, than CO2 in air, from which the plants obtain
their carbon (δ13CCO2 = -7.4‰, Peterson and Fry 1987, 296). Higher
(less negative) values are found in arid areas (< 50mm/year rainfall),
where C3 plants have an average δ13C composition of -24.1±0.6‰
(Kohn 2010).
5.6.2.2 C4 pathway
The C4 pathway is also known as the Hatch-Slack pathway (Slack
and Hatch 1967) and plants which use it photosynthesise dicarboxylic
acid, a 4-carbon compound. C4 plants such as maize, sorghum and
millet are common to warmer, semi-tropical regions and have an av-
erage δ13C value of -12.5‰, noticeably greater (less negative) than
that of C3 plants (Van Der Merwe 1982, 598). Since Slack and Hatch’s
paper, more plants have been recognised as C4 type, including some
flowering plants such as grasses and all have in common the C4 path-
way, Kranz leaf anatomy and rapid CO2 absorption; 13 genera contain
both C3 and C4 species (Van Der Merwe 1982, 598)
5.6.2.3 CAM pathway
The Crassulacean Acid Metabolism pathway was first described in the
metabolism of plants of the Crassulaceae family, in which the plant
stores carbon in malic acid overnight, then metabolises it during the
day to use in the Calvin-Benson cycle. This is an ecological adaptation
for arid areas, allowing plants such as succulents to keep their stom-
ata closed during the heat of the day and hence to reduce the amount
of water lost through transpiration. Their δ13C isotope values range
from -33‰ to -14‰ (Bender et al. 1973). However, the distribution
of CAM plants is more restricted than C3 and C4 plants, so they do
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not need to be considered in the diet of animals in temperate and
semi-tropical regions (Ehleringer and Cerling 2002).
5.6.3 Correction for changes in atmospheric carbon dioxide
The carbon isotope ratio of atmospheric CO2 has changed since the in-
dustrial revolution, due to the increased burning of fossil fuels, which
has released increased amounts of 13C-depleted CO2 into the atmo-
sphere. Atmospheric δ13C has changed from a pre-1850 value of ap-
proximately -6.5‰ to present-day values of between -7.24‰ (Keeling
et al. 1979, 122) and -7.8‰ (Bocherens 2000, 73).
A model for correcting recent isotopic carbon values due to the
change in δ13C in atmospheric CO2 has been developed by Long et al.
(2005), using a long-term set of CO2 data derived from air bubbles
trapped in Antarctic ice cores by Francey et al. (1999). Long et al.
modelled the decline in atmospheric CO2 as a negative exponential
curve
δ13C = k− eat
2
(3)
where k and a are constant parameters and t is an index based on
the year, with 1880 = 1. Taking variance of the sample δ13C mea-
Figure 5: Correction model for CO2 by Long et al. (2005)
surement errors and errors from the predicted values into account, k
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was estimated as -5.5656 and a as 6.0932×10−5. The residuals from
the model were homoscedastic, so variances were consistent, and at
95% confidence levels, the model fitted all but two outliers from the
Francey et al. dataset. Because plants fix carbon absorbed directly
from atmospheric CO2, they are particularly sensitive to changes in
atmospheric δ13CCO2 (Long et al. 2005, 153) and these changes will
be reflected in δ13Ctissue of herbivores which consume them. By ap-
plying this model to post-1880 δ13C values, we can obtain adjusted
values which are corrected for the atmospheric changes in the indus-
trial era and can then be compared with values from archaeological
samples.
5.7 nitrogen
5.7.1 Nitrogen in plants and animals
Having analysed the relationship between diet and animal tissue
δ13C, DeNiro and Epstein also explored the same relationship for
δ15N. They found that animal tissue was in most cases enriched in
15N with respect to the diet by between -0.5‰to +9.2‰, with an aver-
age of +3.0±2.6‰. 15N could vary by small amounts between individ-
uals of the same species, while the difference between two different
species was greater; lastly, individuals from one species fed different
diets exhibited a similar 15N enrichment (DeNiro and Epstein 1981,
343). Because aquatic organisms generally have higher δ15N values
than terrestrial organisms, animals which feed on them will have a
more enriched 15N tissue content (DeNiro and Epstein 1981, 346), so
this may be an indicator of an aquatic or marine component in the
diet.
5.7.2 Causes of elevated δ15N
Several studies have explored the causes of enriched 15N tissue con-
tent, which gives elevated δ15N values.
One of the fundamental reasons, as seen in the results from DeNiro
and Epstein’s experiments, is that it reflects trophic level, or position
in the food web (Schoeninger 1985). At each trophic level, the amount
of 15N in animal tissue is increased by about 3–5‰, while 13C val-
ues increase by about 0–2‰, compared with the diet (Bocherens and
Drucker 2003; Peterson and Fry 1987, 305). Unweaned juvenile mam-
mals are at a trophic level above their mothers, giving an elevated
‘nursing signal’ (Bocherens 2000; Jenkins et al. 2001). For this reason,
samples from juvenile animals may be excluded from isotopic analy-
sis as they are unrepresentative of adult values.
Salinity due to a marine plant input in the diet may also result
in elevated 15N. Britton et al. (2008) found evidence of elevated 15N
5.8 isotope values of bone collagen 39
in bones of Bronze Age herbivores which had been grazed on halo-
phytic plants in several sites on the coastal environment of the Severn
Estuary. The reason for the elevated 15N in such plants is not fully
understood but it is thought to be due to higher nitrogen values in
the soil, perhaps from marine nitrates (the ‘sea spray’ effect).
Elevated values may also be found in animals due to stress. Frac-
tionation in excretion, due to heat or water stress in arid areas, results
in urea being excreted which is higher in δ14N. Another effect may be
from the recycling of nitrogen in diets deficient in protein, resulting
in δ15N enrichment in animal tissues (Ambrose 2000, 243).
Lastly, elevated values may be due to anthropogenic effects, such
as manuring of land to increase soil fertility and crop yields. Due
to bacterial effects in the soil, 14N is preferentially lost, resulting in
enriched 15N in the soil which is taken up by non-leguminous plants
and subject to fractionation effects. Legumes such as pulses are able
to fix non-organic N2 directly from the air by means of symbiotic
bacteria, so their δ15N is approximately 0‰ (Fraser et al. 2011).
5.8 isotope values of bone collagen
The atomic C:N ratio of bone collagen used for isotopic analysis
should correspond to in vivo values for the analytical results to be
valid. DeNiro (1985) examined a number of samples from archaeo-
logical bones and compared their C:N ratios. He noted that, while all
bones have undergone diagenetic alteration, which he defines as “the
sum of the physical, chemical and biological processes that occur in
the postmortem depositional environment” (DeNiro 1985, 808), those
with atomic C:N ratios in the range 2.9–3.6 yielded δ13C and δ15N
values which were in the same ranges as those from modern animals
with similar diets. Where archaeological samples have small amounts
of remaining collagen, they will often exhibit low concentrations of
carbon and nitrogen in the collagen, and δ13C and δ15N values unlike
those from in vivo collagen (Ambrose 1990; van Klinken 1999). Colla-
gen yields of less than 1% from archaeological samples are therefore
not used for isotopic analysis (for example, see Sykes et al. 2011, 159).
5.9 isotopes as dietary indicators
The estimation of how much different plants and minerals contribute
to an animal’s diet is not straightforward, however, as several pro-
cesses affect the isotopic values in an animal’s tissues, including dis-
crimination during digestion, the differential take-up of an isotope
by various tissues, and the varied digestibility of the different dietary
components.
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At its simplest, the relationship between the isotopic ratio, δS, of
an animal’s dietary source S and that of its tissues, δT , is a linear one
δT = ∆TS + δS (4)
and the intercept of this line on the y axis, ∆TS, is the isotopic spac-
ing between δT and δS, which is also variously called consumer-
diet fractionation, discrimination, enrichment factor or trophic enrich-
ment factor, so “each animal ‘is what it eats’ plus ∆TS” (Codron et al.
2012, 940). Because of this fractionation, the result is that, for carbon,
the δ13C values in animal tissues differ from those in the diet by an
amount defined by Wittmer et al. (2010, 85) as
∆13C =
δ13Cdiet − δ
13Ctissue
1+ δ13Ctissue
(5)
Due to physiological differences, different taxa may absorb nutri-
ents at different rates from one another, given the same diet, leading
to different values of ∆TS for taxa j and k (Codron et al. 2012, 940).
Rewriting Equation 4 above,
δTj = ∆TS,j + δS δTk = ∆TS,k + δS (6)
This implies that we cannot take published results for one taxon and
extrapolate them to another.
Different animal tissues take up isotopes at different rates (Martínez
del Rio et al. 2009, 92). Discrimination values between diet and a
specific tissue can be defined, for example, as ∆13CDH for the differ-
ence between δ13C in the diet and that in the animal’s hair (Wittmer
et al. 2010). The differences in rate of incorporation were thought
by Tieszen et al. (1983) to be related to metabolic activity. However,
experimental results by Carleton et al. (2008) suggest that isotopic
turnover in animal tissues is not related to ‘metabolic rate’ but more
precisely to rates of anabolic and catabolic processes as well as to rates
of protein turnover (Carleton and Martínez del Rio 2005), which dif-
fer between different tissues (Carleton et al. 2008, 3008). The rate of
growth of the tissue is also a factor in the rate of isotopic take-up
(Codron et al. 2012, 940), which obviously has relevance to the rapid
development of antlers.
Another source of variation in tissue δT is the heterogeneity of
different dietary components, each of which has a different isotopic
value, δSi (Codron et al. 2012, 942). Each food in the diet contributes
a fraction, fi, to the eventual value for δT :
δT =
n∑
i=1
δSifi +∆TS
n∑
i=1
fi = 1 (7)
This is another contributory factor to isotopic differences between
taxa, due to their dietary preferences for different foods, with varied
isotopic values.
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Differences in the digestibility of the components of the diet can
also affect the eventual isotopic value of animal tissues. Codron et al.
(2011) describe experimental results from blood and faeces of goats
fed on a diet of lucerne (Medicago sativa L.), a C3 perennial legume,
and red oat grass (Themeda triandra Forssk.), a C4 grass, in which
the less digestible lucerne produced a higher C3 signal in the faeces,
while the low protein content of T. triandra produced a lower C4 sig-
nal in the blood. As a result, both materials under-represented the
C3 component of the diet. (See sections 5.6.2.1 and 5.6.2.2 for de-
tails of the C3 and C4 photosynthetic pathways). Similarly, Wittmer
et al. (2010) discuss δ13C of hair and faeces of sheep grazing in mixed
C3/C4 grassland on the Mongolian steppes, pointing out that grazing
species will tend to prefer better quality vegetation when it is avail-
able and hence will eat more C3 plants, as they are more nutritious
as well as more digestible than C4 plants.
5.10 stable isotope analysis and provenancing
Isotopic analysis of carbon and nitrogen on their own is not a pow-
erful tool for establishing provenance of a specimen, although prove-
nance information can sometimes be inferred from differences in iso-
topic signature of diet. Ideally, an isotope which relates to locality
is needed. The classic example of this is strontium, for which the
87Sr/86Sr ratio is used; however, this can only be used in teeth, where
the properties of enamel makes them resistant to diagenetic alteration:
bone and antler are too porous and therefore subject to contamination
from strontium carried in groundwater. Sulphur (34S), which can in-
dicate presence of a marine component, and oxygen (18O), which can
be related to precipitation, can be used to supplement carbon and
nitrogen and provide more information to assist with questions of
provenance (see, for example Madgwick et al. 2013).
5.11 preparation of modern samples
Modern antlers were obtained from the Phoenix Park (Dublin, Ire-
land) herd (Carden, Sykes, and Hayden in prep). Phoenix Park is
the largest urban park in Europe (709ha), of which 80% is used by
the deer; the vegetation is predominantly grass, with less than 25%
of the area under mixed woodland (Carden 2006). The deer which
produced the antlers used in this study ranged in age from 3–4 to 11
years, with an average of over 9 years.
The samples were prepared in the materials laboratory of the De-
partment of Archaeology, University of Nottingham. Using a circular
saw mounted in a handheld Dremel drill, I cut samples of about 0.4g
from four locations along the antler, chosen to represent different
stages in its development:
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1. pedicle/burr (P)
2. beam next to the brow tine (B)
3. trez tine (T)
4. distal part of the palm (D).
Letters correspond to the diagram of sampling locations in Figure 6.
Samples are listed in Table 4 (page 64).
Figure 6: Sampling locations on antlers
From Langbein and Chapman (2003)
P = pedicle/burr, B = beam near brow tine, T = trez tine, D = distal palm
After the samples had been cut, bone collagen was extracted us-
ing a modified Longin process, as described by Richards and Hedges
(1999, 722). Full details of the sample preparation process are given
in Appendix A (page 55). The mass spectrometry results for each
sample included the δ13C and δ15N values and the C:N atomic ratio.
The C:N ratios were all within the range 3.1–3.5, which are acceptable
for bone collagen (DeNiro 1985), confirming that the isotope values
are reliable. Mean values for sample δ13C and δ15N were then calcu-
lated from each pair of sub-samples. Isotopic values are tabulated in
Table 5.
With reference to the date of collection of each antler (Carden, pers.
comm.), an appropriate correction using the model derived by Long
et al. (2005) for changes in atmospheric δ13CCO2 (described in subsec-
tion 5.6.3) could be applied, assuming the shed antlers were collected
in the year of casting.
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5.12 results and discussion
The antlers were analysed in two batches. Batch 1 consisted of antlers
1 to 7 and when their results were obtained and plotted, the resulting
pattern prompted the sampling and analysis of batch 2, which con-
sisted of antlers 8 and 9, together with some additional samples to
supplement those not taken from antlers 2, 6 and 5 in the first batch.
The isotopic results obtained have a small range of values for car-
bon as well as nitrogen. δ13C ranged from -24.92 to -22.78, with a
mean of -23.98 and standard deviation of 0.499, while δ15N ranged
from 5.436 to 6.424, with a mean of 5.88 and standard deviation of
0.227. Uncorrected data are shown in Figure 16. δ13C corrected for
changes in atmospheric CO2 changes is shown in Figure 17, with
paths joining the points for each antler added in Figure 18. For clar-
ity, the antler paths and points are separated into individual ‘facets’
(Wickham 2011) in Figure 19.
Due to the emparked environment, the deer have available a re-
stricted variety of dietary plants, mainly consisting of grass, which
would be expected to provide a uniform and narrow range of iso-
topic values. A similar restricted dietary range was also noted in a
study of red deer on the Isle of Rum, in the Inner Hebrides, Scot-
land, which showed the most variability of δ13C when compared
with other groups of deer in the same study (Stevens et al. 2006, 18);
the other populations considered, at Duror on the west coast of Scot-
land, and Sutherland in north-east Scotland, both of which had a
much larger territory, however showed a more restricted range of
variation in both 13C and 15N.
In the nine antlers sampled, the distal palm samples usually show
the most elevated δ15N of all samples along an antler (symbol N in
Figure 16 to Figure 19). Even though the distal part of the antler is the
last to form, this is unlikely to be related to the beginning of dietary
stress, such as that during the rut when bucks have been known to
fast, as a buck is probably at the peak of fitness before the rut be-
gins (Chapman and Chapman 1975, 82). Physiological responses to
dietary stress would include excreted nitrogen in urea being higher
in 14N due to isotopic fractionation, resulting in 15N enrichment in
the animal’s tissues (Ambrose 1991). As antler formation is very de-
manding in bodily resources, bone remodelling may take place along
the length of the antler towards the end of its growth, recycling ni-
trogen from other tissues (Ambrose 2000, 243) (see subsection 4.2.4).
Recent isotopic work on red deer antlers from the Isle of Rum herd
has also found that the distal δ15N values were generally higher than
more proximal samples and approach those of post-cranial skeletal
elements (Stevens, pers. comm.).
The fact that we see variation of isotopic values along the antler,
which are perhaps due to short-term fractionation effects and recorded
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in the rapid growth of the antler, suggest that a single sample would
be unrepresentative and that this should be taken into account when
using isotope values from antlers.
5.13 exploring variation of δ13c and δ15n with age
For some of the antlers sampled, the age of the animal was known
from data on the Phoenix Park herd (Carden, pers. comm.): these are
antlers numbered 1, 2 and 5. For some animals, the year of birth
and the date on which the antler were collected are also known. This
allows the calculation of the approximate age of the animal at the
time of casting.
Figure 23 shows box plots of CO2-corrected δ13C and δ15N against
age of antler for the three antlers of known ages (in months), with the
category ‘NA’ for the remainder of unknown age. In Figure 23a, it
can be seen that mean δ13C tends to increase with age, as does the
range of the data values. This agrees with the findings of Stevens et al.
(2006, 18), who reported a correlation of raised δ13C with increased
animal age, from the red deer herd on Rum1. Conversely, Figure 23b
indicates that δ15N seems to decrease with age.
Measurements of antlers, both in circumference and width, have
been shown to relate to the age of the animal, with a good correlation
(R = 0.42) for animals aged up to 4 years but a lower correlation (R =
0.1) for animals aged 5 years and over (Billson 2008). Measurements
of circumference, width and medial-lateral width of beam were taken
from the antlers sampled in this study and from these, approximate
age ranges were derived using Billson’s tables (Bowen, pers. comm.).
Unfortunately, the age ranges suggested from the measurements are
quite wide; the middle value of each range was taken from the differ-
ent ages predicted by measurements of circumference of beam (CB)
and width of beam (WB) and these are shown for both δ13C (Fig-
ure 24) and δ15N (Figure 25). These suggest that, for carbon (Fig-
ure 24a), δ13C increases slightly with age predicted by circumference
(CB), with a correlation r2 value of 0.041, while using ages predicted
by width (WB), a slightly better correlation is obtained, r2 = 0.079,
though neither is strong.
For nitrogen, Figure 25a suggests a weak negative correlation be-
tween δ15N and age predicted from circumference (CB), although at
r2 = 0.009, this is insignificant, while Figure 25b shows a very slightly
improved negative correlation of δ15N with increasing age predicted
by width of beam (WB), r2 = 0.024.
1 Although the reported correlation may not, in fact, be a strong one (Stevens, pers.
comm.)
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5.14 exploring variation of δ13c and δ15n with distance
along the antler
Measurements were taken of the distance along the antlers at which
samples had been taken, to explore whether there is systematic vari-
ation of δ13C and δ15N with increasing distance from the proximal
end of the antler. Using a nylon measuring tape calibrated in mil-
limetres, the curved path along the antler was followed to the centre
point of each sample, using the the base of the burr as a reference
point; proximal samples, below the burr, therefore have negative val-
ues. Three antlers, numbers 4, 6 and 7, had been cut and were incom-
plete, lacking the proximal end, so could not be included.
Of the six complete antlers, the set of faceted graphs in Figure 26
shows that there is a generally good correlation between increasing
δ13C with distance from the burr at the proximal end. Results for
δ15N are more ambiguous, despite the distal end usually having the
highest value (Figure 27). A weak positive correlation is found for
antlers 2 and 3, with slightly stronger correlations for antlers 1 and
8, with antler 5 showing a weak negative correlation and antler 9
showing none. With such a small number of samples, no conclusions
can safely be drawn, however.
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A R C H A E O L O G I C A L A N T L E R S
As described in Chapter 3, attempts to locate archaeological speci-
mens from Iron Age and Roman sites in Britain were unsuccessful.
However, the AHRC-funded Dama International project has been able
to sample a number of archaeological antler and other fallow deer
remains and obtain carbon and nitrogen stable isotope ratios from
them with which the modern results can be compared.
6.1 comparison of modern and archaeological isotope
results
When the CO2-corrected isotope results from the modern antlers are
plotted with those from archaeological antlers from other sites in Ro-
man Britain (Fishbourne, Monkton, Minster, East Kent Access Road)
(see Figure 20, where modern values are in colour, archaeological
values in black), it is most noticeable that the modern values are
more tightly clustered, with the archaeological values having gener-
ally higher values of δ13C (less negative). The archaeological antlers
also have more variability in δ15N, with several ‘outliers’ at values to-
wards and below 5.0. However, the archaeological antlers with δ13C
less than -21.0 and δ15N greater than 5.0 can be seen to form a loose
cluster with the modern values. If the modern antlers are taken to rep-
resent a British/Irish baseline, then the archaeological outliers from
that cluster could be suggested to be from imported body parts orig-
inating outside Britain, as noted by Madgwick et al. (2013).
When archaeological post-crania are compared, the picture is less
clear (Figure 21), with the archaeological values displaying a surpris-
ingly wide range in both carbon and nitrogen; the plot demonstrates
how tightly clustered the modern results are, in comparison. As
noted in section 5.12, Stevens’ results from red deer on Rum have
shown that distal δ15N tends towards the values obtained from post-
crania and Figure 21 might support this, with many of the post-
cranial nitrogen values being equal to or higher than the modern
distal values.
Lastly, Figure 22 shows the modern results in the context of all
the British archaeological values (in black, antlers shown as crosses,
post-crania as open circles) and, while the modern antler results plot
almost in the centre of the range of the majority of archaeological val-
ues, it is clear that the latter have by far the greater range of variability.
It would be interesting to plot the post-crania by body part, to see if
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metapodia showed more extreme values and hence might be thought
to be from imported haunches of venison, or skins.
6.2 representation of antler in faunal remains
When thinking about the significance of skeletal elements such as
antlers, it might be instructive to consider a quantitative zooarchaeo-
logical approach. In an ethnographic study, Binford (1978) observed
the decisions made by Nunamiut hunters when choosing which ani-
mal parts to transport from the kill site to their settlement. He noted
that they would prefer to carry those parts which bore the most
meat and leave those which carried little meat. From this observa-
tion, he derived a General Utility Index (GUI) which can be derived
for each body part. He also defined a Modified General Utility Index
(MGUI), which recognises that some low-utility parts may of neces-
sity be transported because they are firmly attached to those with a
higher utility index (Binford 1978, 72–75). Although Binford’s indices
are not the only such measure of utility (see, for example, Reitz and
Wing 2008, 225), they are perhaps the best known.
While Hambleton (1999, 22) notes that Binford’s GUI and MGUI are
more applicable to hunting societies than the farmsteads of the British
Iron Age which are the subject of her study, she argues that these
indices take little account of the fact that different body parts and
elements can have different uses to a community, such as meat, bone
marrow and grease, as well as general utility for making artefacts
and illustrates this with the relatively frequent occurrence of antler
compared to other skeletal elements of deer in British Iron Age faunal
assemblages. Because Binford’s indices would be low for antler, as
it carries no meat, sites with larger numbers of antler finds might
mistakenly be interpreted as kill or butchery sites, from a Binfordian
perspective, whereas the cultural value of antler for the manufacture
of tool and other artefacts would be the reason for such ‘low utility’
elements being transported to a site.
6.3 occurrence of antler and its relevance to trade
It is notable that shed antlers and metapodia are the most frequently
found fallow remains (Madgwick et al. 2013, 111–112), which suggests
that this is evidence of trade in body parts or a by-product of skin-
ning, rather than the presence of living animals. Shed antlers were
reported from War Ditches (Phillipson 1963), Lydney Park (Watson
1932), St. Albans (O’Neil 1945) and Scole (Baker 1998).
We know from the writings of Pliny the Elder (Natural History,
Book XXVIII: Jones 1963) that powdered antler or the ash of ‘deer’s
horn’ was valued in medicinal treatments for a wide variety of ail-
ments including dysentery, epilepsy and ulcers; as he tells us in Book
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XXX that ‘even today, Britain practises magic in awe and with such
grand ritual’ (Jones 1963, 287), this may be an important reason for
trade in these elements. Indeed, the Scole antler showed possible ev-
idence of working (Figure 1b), with part of the posterior side of the
palm missing through cutting or chopping, as well as fine cut marks
from butchery, but was otherwise complete (Baker 1998, 16).
6.4 ‘ritual’ or rubbish?
The presence of the Scole antler in a well raises the question of why
such an exotic, presumably valuable and near-complete item would
have been disposed of in such a way. One obvious explanation is ‘rit-
ual’: the escape route to which archaeologists often turn when faced
with otherwise inexplicable human behaviour, although the less emo-
tive phrase ‘structured deposition’ is often used in its place (Morris
2011). Wells, pits and ditches are the frequent contexts for finds of
partial or complete animal skeletons, some of which can be seen as
examples of structured deposition. Maltby (2010, 297–304) reviews
the evidence from Winchester and other Roman towns, while Mor-
ris (2011, 66) notes that in Roman southern Britain, small mammals
including polecat and hare are the most common wild species, with
deer being rarely found.
Rural sites also provide examples of structured deposition in wells,
as at Scole. For example, a Roman well excavated at Bunny, Notting-
hamshire, contained two horses, one deer, four to five pigs, a dog,
a cat and a hare, together with many small mammals (Alvey 1967).
Unfortunately, the species of deer is not mentioned. In discussing
the contents of a Roman well excavated near Leeds, Yorkshire, Cool
and Richardson (2013) explore the possibility of votive offerings of
animals being part of well closure rites, which may be one reason for
the deposition of the Scole antler.
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To summarise, we can return to the questions posed in Chapter 1:
• We know there was an established, presumably breeding, pop-
ulation in Roman Britain but how widespread was it?
We have seen that there is now evidence from stable isotope
analysis and radiocarbon dating to support the early Roman
presence of a breeding population at Fishbourne Roman Palace
in Sussex (Allen 2011; Madgwick et al. 2013; Sykes et al. 2006)
with possibly another at Monkton, Kent, slightly later (Bendrey
2003; Sykes et al. 2011), although the finds from that site could
more plausibly be interpreted as trade in body parts (Madgwick
et al. 2013).
There seems to be little or no evidence of the presence of live
fallow deer at other sites during the Roman period. Attempts
to locate finds reported in the literature were unsuccessful, be-
ing either uncertain identifications (Carlisle, Vindolanda) or iso-
lated skeletal elements (Binchester, Scole). In particular, the dis-
tribution of such finds is concentrated in the south of the coun-
try, with, apart from Fishbourne and Monkton, the sites of East
Kent Access Road, Minster, St Albans, Dorchester and Chich-
ester having produced identified remains. To date, Binchester,
County Durham, has provided the earliest, most northerly find
of a positively identified fallow skeletal element.
• Was there the possibility of an earlier population during the
Iron Age?
Of the small number of potential sites that are known so far,
at War Ditches and Lydney Park, neither site’s archives were
able to provide physical evidence of fallow deer elements and,
given the early date of the Lydney Park excavation in particu-
lar, it is perhaps safest to assume that perhaps both sites rep-
resent doubtful or mistaken identifications. Of course, there
remains the possibility that future excavations at Iron Age sites
may produce some positive traces of fallow deer but current
evidence would suggest that they would be most likely to rep-
resent traded body parts such as antlers or metapodia.
• How much does trade in antler confuse the picture?
It has already been noted that antler may have been a valued
commodity for craft working or for medicinal purposes, and
that these were likely reasons for it being traded. Although
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it is recognised that stable isotope analysis of carbon and nitro-
gen are not powerful tools for establishing provenance of traded
items (Madgwick et al. 2013), we have seen that comparison of
δ13C and δ15N from modern samples with those from archae-
ological contexts can suggest that some of the archaeological
samples are ‘outliers’ which may represent imported animals or
body parts (Figure 20). Ideally, supplementing the results from
Fishbourne and Monkton with isotopic analysis of a securely
dated specimen from a known context, such as the lost Scole
antler, may have produced δ13C and δ15N values outside the
domestic range providing some supporting evidence for trade.
Part II
A P P E N D I C E S

A
S A M P L E P R E PA R AT I O N I N D E TA I L
a.1 introduction
Longin (1971) first described the process he used for extraction of
collagen from organic samples. This was later discussed in DeNiro
and Epstein (1981). Ultrafiltration of the liquid above the filter (super-
natant) is described by Brown et al. (1988), modified by Richards and
Hedges (1999). Methods of bone collagen extraction are reviewed in
Jorkøv et al. (2007).
Preparation of the modern antler samples discussed here was con-
ducted firstly in the Materials Laboratory in the Department of Ar-
chaeology, University of Nottingham, with freeze-drying, weighing
and analysis being performed at the NERC Isotope Geoscience Labo-
ratory (NIGL), Keyworth, Nottinghamshire.
a.2 sample cutting
Using a circular saw mounted in a handheld Dremel drill, I cut sam-
ples of about 0.4g from four locations along the antler, chosen to
represent different stages in its development.
(a) Cutting an antler beam sample (b) Cutting a proximal end sample
Figure 7: Sample cutting
a.3 demineralisation
After the samples had been cut, I extracted bone collagen from them
using the modified Longin process described by Richards and Hedges
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(1999, 722). 6 Molar hydrochloric acid (HCl) was diluted with MQ
ultra-pure water in the ratio of 983:17ml water:acid to make up 1 l
of 0.5M solution. Each sample was placed in a marked test tube and
the tube filled nearly to the top, then the set of test tubes was placed
in a rack and covered with foil. In addition to the antler samples,
a modern cattle bone sample (‘SADCOW’) of known isotopic com-
position was also processed. Initially, the rack was refrigerated to
(a) Adding dilute acid (b) Checking a sample for softening
Figure 8: Demineralisation
avoid bacterial contamination but the demineralisation was found to
be progressing too slowly, so the rack was then left covered by foil
at room temperature on the laboratory bench to increase the speed
of the reaction. I tested the samples for softening every two or three
days, discarding and replacing the dilute acid solution in which each
sample was immersed.
a.4 gelatinisation
When the mineral content of the bone had dissolved and the sam-
ples had softened, the dilute acid solution was discarded and the
samples rinsed three times in ultra-pure water before the water was
replaced with slightly acid (pH3) solution and the test tubes were
then transferred to a hot-block and covered with foil. They were then
maintained at a temperature of 70◦C for 48 hours.
A.5 filtering 57
(a) Test tubes in a hot-block (b) Tubes after 48 hours’ heating
Figure 9: Gelatinsation
a.5 filtering
The test tubes were allowed to cool so they could be handled. Each
tube’s content was then filtered using an Ezee filter which was in-
serted into the top of the tube and pushed down to keep any solid
material at the bottom of the tube below the filter and allowing the
supernatant to be poured into a labelled Eppendorf tube.
(a) Gelatinised samples ready for filtering (b) Filtered tubes (left) with Eppendorf
tubes (right)
Figure 10: Filtering
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a.6 freezing and freeze-drying
The sample tubes were then transferred to a refrigerator and later
placed in a freeze-drier. Freeze-drying, also known as lyophilisation
or cryodesiccation, drives off the remaining water at very low temper-
atures, leaving the collagen as a friable, white solid.
a.7 collagen and weighing
Very small amounts of collagen are needed for analysis. For combus-
tion in the elemental analyser, I weighed collagen in amounts between
0.58 and 0.64mg in a precision balance and placed them in weighed
tin foil cups, which were then folded to make a pellet to be placed in
a circular magazine in the analyser.
(a) Adding collagen to foil cup (b) Weighing collagen and cup
Figure 11: Weighing
a.8 preparing samples for mass spectrometry
Use of reference standards of known isotopic content to confirm that
the mass spectrometer is correctly calibrated is described in Hoefs
(1980, 18–19). At the NERC Isotope Geoscience Laboratory (NIGL),
the in-house reference material used is powdered gelatine, M1360p,
which is weighed into tin foil cups to be alternated between groups
of five samples in a run. Blank foil cups are also added to the run
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to check that the equipment is functioning correctly before the first
samples are analysed.
(a) Sample magazine (b) Autosampler control
Figure 12: Elemental analyser sample magazine
The circular magazine holding the samples is automatically ad-
vanced under the control of a Costech Zero Blank autosampler (Fig-
ure 12). As the magazine is advanced, each sample in turn drops
under gravity into the furnace of the Thermo Finnigan Flash 1112
series elemental analyser, where it is combusted (Figure 13a). The
resulting ions are carried in a flow of helium to a Delta Plus XL mass
spectrometer which collects the ions of different masses in counters
so their ratios in the sample can be calculated (Figure 13b).
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(a) Sample combustion (b) Mass spectrometer
Figure 13: Mass spectrometer
B
D ATA A N D G R A P H S
Maps of principal sites, tables of data for the Phoenix Park modern
antlers and graphs of isotope results are given below.
The maps were prepared using Ordnance Survey data using the
Digimap service at http://digimap.edina.ac.uk/.
Graphs which follow were prepared using the R statistics system
(R Development Core Team 2011) with the ggplot2 graphics package
(Wickham 2009; 2011).
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Figure 14: Map of principal sites in northern England
Roman sites shown as triangles
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Figure 15: Map of principal sites in southern Britain
Iron Age sites shown as squares; Roman sites shown as triangles
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Antler Sample Location Description Age
1 MD362 P Immature, cut
MD363 B
MD364 T
MD365 D
2 MD366 P B141 13/4/97 Q29, shed >11 yrs
MD474 B
MD367 T
MD368 D
3 MD369 P Droopy 16.4.89, shed
MD476 B
MD370 T
MD371 D
4 MD372 B O.206, cut <6 yrs
MD373 T
MD374 D
5 MD375 P B100 7/4/97 S25, shed 10 yrs
MD478 B
MD376 T
MD377 D
6 MD378 B Y117/W117, cut <10 yrs
MD379 T
MD380 D
7 MD381 T palm end only
MD382 D
8 MD470 P B235 1995 3–4 yrs
MD471 B
MD472 T
MD473 D
9 MD475 P G131 22/4/94, shed 8 yrs
MD477 B
MD479 T
MD480 D
Table 4: Modern antler samples
Location letters correspond to Figure 6 (page 42)
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Antler Sample δ13C‰ δ15N‰ C:N δ13Ccorr‰ Age Dist AgeCB AgeWB
1 MD362 -24.5149 6.0986 3.2507 -23.1790 24 -15 2–4 2–3
1 MD363 -24.4189 5.8129 3.2234 -23.0830 24 21 2–4 2–3
1 MD364 -24.2992 5.7644 3.3010 -22.9634 24 174 2–4 2–3
1 MD365 -24.3123 6.3214 3.3001 -22.9764 24 443 2–4 2–3
2 MD366 -24.5672 5.8343 3.3755 -23.2313 136.5 -5 5–9 5–9
2 MD474 -24.1653 5.5503 3.3028 -22.8294 136.5 45 5–9 5–9
2 MD367 -24.1846 5.7364 3.1808 -22.8487 136.5 164 5–9 5–9
2 MD368 -23.8086 5.9053 3.3307 -22.4727 136.5 634 5–9 5–9
3 MD369 -24.1580 6.0407 3.2298 -23.0678 -3 8+ 8+
3 MD476 -24.0792 5.5286 3.2890 -22.9890 45 8+ 8+
3 MD370 -24.2243 5.7719 3.2807 -23.1342 206 8+ 8+
3 MD371 -23.4150 5.9712 3.2118 -22.3248 574 8+ 8+
4 MD372 -23.2346 6.0207 3.3675 -22.0871 5–9 5–9
4 MD373 -23.2471 6.0412 3.2205 -22.0996 5–9 5–9
4 MD374 -22.7837 6.2115 3.3138 -21.6362 5–9 5–9
5 MD375 -24.3329 5.8543 3.1666 -22.9970 116 -6 8+ 6+
5 MD478 -24.1390 6.1128 3.3063 -22.8032 116 43 8+ 6+
5 MD376 -24.2520 5.9223 3.3744 -22.9161 116 251 8+ 6+
5 MD377 -23.8242 5.8009 3.4398 -22.4883 116 708 8+ 6+
6 MD378 -23.4392 6.0012 3.1745 -22.2620 5–9 5–9
6 MD379 -23.1903 5.9772 3.3217 -22.0132 5–9 5–9
6 MD380 -22.9500 6.4239 3.3899 -21.7729 5–9 5–9
7 MD381 -24.9221 5.5890 3.2335 -22.9838
7 MD382 -24.2264 5.8763 3.2783 -22.2881
8 MD470 -24.1687 5.9337 3.2902 -22.8985 -14 3–6 3–7
8 MD471 -23.9556 5.4365 3.3018 -22.6854 28 3–6 3–7
8 MD472 -23.7927 5.8106 3.2799 -22.5225 197 3–6 3–7
8 MD473 -23.9076 6.0718 3.3198 -22.6374 547 3–6 3–7
9 MD475 -24.3326 5.8113 3.2913 -23.0941 -3 5–9 5–9
9 MD477 -24.3542 5.5888 3.2972 -23.1157 32 5–9 5–9
9 MD479 -24.3215 5.6367 3.2839 -23.0830 210 5–9 5–9
9 MD480 -23.8706 5.7137 3.3142 -22.6321 576 5–9 5–9
Table 5: Modern antler samples: isotope and measurement data
δ13Ccorr: CO2-corrected δ13C using model from Long et al. (2005); Age:
months; Dist: mm from base of burr; AgeCB, AgeWB: age in years predicted
from circumference, width of beam (Billson 2008)
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Figure 16: Modern antlers: δ15N against δ13C
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Figure 17: Modern antlers: δ15N against δ13C (CO2 corrected)
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Figure 18: Modern antlers: δ15N against δ13C with paths for each antler
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Figure 19: Modern antlers: δ15N against δ13C with paths, faceted by antler
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Figure 20: Modern antlers with archaeological antlers: δ15N against δ13C
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Figure 21: Modern antlers with archaeological postcrania: δ15N against
δ13C
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Figure 22: Modern antlers with archaeological antlers and postcrania: δ15N
against δ13C
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(a) δ13C and age
(b) δ15N and age
Figure 23: Modern antlers: variation of δ13C and δ15N with age
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(a) δ13C and age from circumference of beam, r2 = 0.041
(b) δ13C and age from width of beam, r2 = 0.079
Figure 24: Modern antlers: variation of δ13C with Billson antler ages
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(a) δ15N and age from circumference of beam, r2 = 0.009
(b) δ15N and width of beam age, r2 = 0.024
Figure 25: Modern antlers: variation of δ15N with Billson antler ages
76 data and graphs
Figure 26: Modern antlers: δ13C against distance, faceted by antler
data and graphs 77
Figure 27: Modern antlers: δ15N against distance, faceted by antler
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